Tea catechins are known to be epimerized by heat treatment. The effect of heat-epimerized tea catechins on serum cholesterol concentration was compared with that of green tea catechins. Our observations strongly suggest that both tea catechins and heat-epimerized tea catechins lower serum cholesterol concentration by inhibiting cholesterol absorption in the intestine. There was no differential effect between the two catechin preparations.
y To whom correspondence should be addressed. Tel: +81-548-54-1247; Fax: +81-548-54-0763; E-mail: m-kobayasi@itoen.co.jp Abbreviations: EC, (À)-epicatechin; EGC, (À)-epigallocatechin; ECG, (À)-epicatechin gallate; EGCG, (À)-epigallocatechin gallate; C, (À)catechin; GC, (À)-gallocatechin; CG, (À)-catechin gallate; GCG, (À)-gallocatechin gallate EGCG effectively coprecipitated cholesterol from bile salt micelles and reduced intestinal absorption of cholesterol in lymph-cannulated rats. 12) This might be a cause of increased fecal excretion of cholesterol. Our recent study showed that CG and GCG were more effective in eliminating cholesterol from bile salt micelles than ECG and EGCG, 8) but whether heatepimerized tea catechins are more hypocholesterolemic than green tea catechins has not yet been investigated. In the present study, the hypocholesterolemic effect of heat-epimerized tea catechins was compared with that of green tea catechins in rats fed a cholesterol-supplemented diet.
The mixture of green tea catechins used was THEA-FLAN 90S (Ito En, Tokyo), a decaffeinated green tea extract rich in polyphenols (about 90%) that includes tea catechins with a galloyl moiety at about 60-70%. Beyond tea catechins, the remaining polyphenols have not been identified. Heat-epimerized tea catechins were prepared by autoclaving the catechin mixture at 120 C for 5 min. The composition of tea catechins (weight %) was as follows: EGCG, 40.5%; GCG, 4.7%; ECG, 18.3%; and CG, 1.3%. The composition of heatepimerized tea catechins was as follows: EGCG, 20.1%; GCG, 21.2%; ECG, 11.0%; and CG, 7.9%. Heat-epimerized tea catechins contained increased amounts of GCG and CG.
Five-week-old Male Sprague-Dawley rats (Japan SLC, Shizuoka, Japan) were acclimatized in a room maintained at 20-23 C with a 12-h light-dark cycle.
Before the experiments, all rats were allowed free access to commercial rat feed (Type CE-2, CLEA Japan, Tokyo) for 3 d. Experimental diets were prepared according to the recommendations of the American Institutes of Nutrition, 13) and contained (g/kg diet) casein, 200; high oleic safflower oil, 100; a vitamin mixture (AIN-93), 10; a mineral mixture (AIN-93), 35; choline bitartrate, 2.5; L-cystine, 3; cellulose, 50;cornstarch, 132; sucrose, 100; t-butylhydroquinone, 0.014; cholesterol, 5; and cornstarch to 1,000 g. Vitamin and mineral mixtures were purchased from Oriental Yeast (Tokyo). In the green tea catechin (C þ T) and heat-epimerized tea catechin (C þ H) groups, 10 g/kg diet of catechin preparations were added at the expense of cornstarch. The amounts of these catechins added to the diets and the catechin preparation: cholesterol ratio were taken from Muramatsu et al. 9) and Raederstorff et al., 10) respectively. Since food intake in rats fed catechins tended to be lower compared with that in rats fed the control diet, the rats were pair-fed for 21 d. On the final day, blood was collected via the abdominal aorta under anesthesia after 7 h of food deprivation, and the liver was immediately excised. Feces were collected at 18-19 d of feeding for analysis of neutral and acidic steroids. This animal study was carried out under the guidelines for the Care and Use of Experimental Animals of the Japanese Association for Laboratory Animals.
Serum HDL-cholesterol and total cholesterol concentrations were determined using enzyme assay kits: the HDL-C test Wako and the cholesterol C test Wako (Wako Pure Chemicals, Osaka, Japan). Liver lipids were extracted by the method of Folch et al., 14) and the concentration of liver lipids was measured as described previously. 15) Fecal steroids were extracted with ethanol and were subjected to analysis by GC using a SPB-1 column (Supelco, Bellefonte, PA) and a Silicone XE-60, 3% Chromosorb WAW DMCS packed column (Supelco), respectively. 16, 17) Values are represented as mean AE SEM. Statistical analysis of data was performed by one-way ANOVA followed by Fisher's PLSD test to establish differences among groups. Differences were considered significant at P < 0:05.
Body weight and food intake are shown in Table 1 . There were no significant differences in final body weight or food intake among the three groups. The concentrations of serum lipids are shown in Table 1 . The concentration of cholesterol was significantly lower in the C þ T and C þ H groups than in the control group. The concentration of HDL-cholesterol was significantly higher in the C þ H group than in the control group. The concentration of liver cholesterol was significantly lower in the C þ T and C þ H groups than in the control group (Table 1) , but there was no difference between the two catechin groups in these parameters.
Fecal excretion of neutral and acidic steroids are shown in Table 2 . Excretion of fecal neutral steroids (cholesterol and coprostanol) in the C þ T and C þ H groups was significantly higher than in the control group. Excretion of fecal acidic steroids in the C þ T and C þ H groups was significantly lower than in the control group. Total excretion of neutral and acidic steroids was significantly higher in the two catechins groups than in the control group.
Although several studies have shown that dietary tea 18) and tea catechins [9] [10] [11] lower plasma cholesterol concentration in experimental animals fed a highcholesterol diet, the effect of heat-epimerized tea catechins on serum cholesterol concentration has never been studied. Our result clearly shows that green tea catechins and heat-epimerized tea catechins lower serum cholesterol concentration to the same extent (Table 1 ). Previously we found that heat-epimerized tea catechins rich in CG and GCG were more effective in reducing lymphatic absorption of cholesterol than green tea catechins rich in ECG and EGCG. 8) Therefore, we expected that heat-epimerized tea catechins would be more effective in lowering serum cholesterol concentrations. No significant differential effect, however, was observed in this study.
Both green tea catechins and heat-epimerized tea catechins increased fecal excretion of neutral steroids originating from cholesterol ( Table 2 ). These results suggest that both catechin preparations inhibit cholesterol absorption in the intestine. This can cause a reduction of hepatic cholesterol levels and therefore, a reduction of serum cholesterol concentrations. Although there was no significant difference, fecal excretion of neutral steroids tended to be higher and the hepatic cholesterol level tended to be lower in rats fed heatepimerized tea catechins than in those fed green tea catechins. Therefore, there is a possibility that heatepimerized tea catechins are slightly more effective than green tea catechins. Differential effects between these two catechin preparations might be observed if prolonged feeding were done.
In the present study, both catechin preparations significantly decreased fecal excretion of acidic steroids ( Table 2 ). Nakamura et al. reported that oral administration of 0.01 to 1.0 g/kg green tea polyphenol, which contained catechins at about 80%, did not affect bile acid excretion in feces in rats. 17) In contrast, Yang and Koo 18) reported that Lung Chen tea, a Chinese green tea, the major ingredient of which is EGCG, increased fecal excretion of both cholesterol and bile acids in rats. Since our previous study showed that catechins added to bile salt micelles did not affect the concentration of bile acid in micellar solutions, 8, 12) it is not thought that catechins influence reabsorption of bile acids. The reasons for the discrepancies among these studies is not clear at present. Hence, more detailed studies are necessary in this regard.
The present study indicates the possibility that heatepimerized catechins might be as effective in increasing fecal excretion of cholesterol, and consequently in lowering serum cholesterol concentrations as green tea catechins. Recently we reported that 394 mg/d of heatepimerized tea catechins for 12 weeks was an effective dose to lower serum cholesterol concentration in mildly hypercholesterolemic subjects. 19) It has been established that an increase in plasma cholesterol concentration is an independent risk factor for atherosclerosis. 20) Therefore, both green tea catechins and heat-epimerized tea catechins can be effective in preventing atherosclerosis through hypocholesterolemic activities. 
